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1. INTRODUCTION {#rsp312286-sec-0001}
===============

Several authors document the beginning of a new industrial revolution, or "industry 4.0" (Hawken, Lovins, & Lovins, [2013](#rsp312286-bib-0045){ref-type="ref"}; Schwab, [2017](#rsp312286-bib-0079){ref-type="ref"}) and new techno‐economic paradigm (Pérez, [2003](#rsp312286-bib-0067){ref-type="ref"}), which features are universal digitalization, robotization (Ford, [2015](#rsp312286-bib-0037){ref-type="ref"}) and the formation of smart networks. Many of the new technologies are disruptive, capable of completing the development of entire sub‐sectors, and therefore potentially leading to an increase in the level of structural (technological) unemployment. For example, in the USA in the last 10 years there has been an increasing gap between the positive dynamics of labour productivity and stagnant employment (Acemoglu & Restrepo, [2017](#rsp312286-bib-0003){ref-type="ref"}; Brynjolfsson & McAfee, [2014](#rsp312286-bib-0023){ref-type="ref"}). This may be partly because of robot development. They are automatic devices intended for carrying out production and other operations previously performed by humans (Rifkin, [1996](#rsp312286-bib-0073){ref-type="ref"}): complex computer programs (bots), industrial robots, smart homes, smartphones, etc.

According to the previous estimates (Brynjolfsson & McAfee, [2014](#rsp312286-bib-0023){ref-type="ref"}; Manyika et al., [2017](#rsp312286-bib-0059){ref-type="ref"}), about half of the jobs in the world can be automated by 2030--2035. The disruption effects on employment predominantly play at the first stage of technological change (Pérez, [2003](#rsp312286-bib-0067){ref-type="ref"}), then compensation mechanisms operate (Vivarelli, [2014](#rsp312286-bib-0089){ref-type="ref"}) and capacity to use unskilled labour force grow; jobs will be created in new industries (Berger & Frey, [2015](#rsp312286-bib-0016){ref-type="ref"}; World Bank, [2016](#rsp312286-bib-0091){ref-type="ref"}). Therefore, it is important to understand how the threats of automation (The Future of Jobs, [2016](#rsp312286-bib-0085){ref-type="ref"}) are related to the formation of long‐term technological unemployment and potential social exclusion. Among countries and regions, the automation potential and subsequent social consequences are different (Berger & Frey, [2016a](#rsp312286-bib-0017){ref-type="ref"}; Manyika et al., [2017](#rsp312286-bib-0059){ref-type="ref"}).

Previously, each wave of new technologies created more jobs than destroy (Gera & Singh, [2019](#rsp312286-bib-0042){ref-type="ref"} ; Kapeliushnikov, [2019](#rsp312286-bib-0050){ref-type="ref"}; Pérez, [2003](#rsp312286-bib-0067){ref-type="ref"}; Stewart, De, & Cole, [2015](#rsp312286-bib-0082){ref-type="ref"}; Vivarelli, [2014](#rsp312286-bib-0089){ref-type="ref"}). [^1] But the speed of the processes did not exceed the life of one generation, therefore, adaptation occurred naturally as older and less adapted generations retired. Before 2020, the thesis of the human labour replacement was considered by some experts as an exaggeration (Gera & Singh, [2019](#rsp312286-bib-0042){ref-type="ref"}; Kapeliushnikov, [2019](#rsp312286-bib-0050){ref-type="ref"}). In Russia and most of the developing countries, where the density of industrial robots is several times lower than the world average (IFR, 2019), such discussions were even less supported (Kapeliushnikov, [2019](#rsp312286-bib-0050){ref-type="ref"}). However, the situation changed dramatically at the beginning of 2020.

The coronavirus pandemic (covid‐19) and the subsequent economic crisis associated with the pandemic and falling oil prices, are accelerating long overdue digital transformation (Vedev, Drobyshevsky, Knobel, Sokolov, & Trunin, [2020](#rsp312286-bib-0086){ref-type="ref"}). During and after the crises, there will be many opportunities and need for remote work facilities, online services, medical robots‐assistants, delivery drones, Internet of things, industrial robots, etc. As a result of quarantine measures, the demand for traditional personal services (hotels, restaurants, tourism, public entertainment, sport, etc.) (Leibovici, Santacreu, & Famiglietti, [2020](#rsp312286-bib-0057){ref-type="ref"}) will be reduced several times; employees across the world were transferred to remote and precarious work. Small and medium‐sized businesses will suffer greatly, labour reductions and withdrawal into the informal sector can be significant; large companies and the budget sector may also decline because of the crisis. Moreover, there is little reason to believe that business and people will return to previous offline conditions: remote work gives more opportunities and freedom for creative professionals, and employers save on less demanded specialists. Certainly, employment in offline professions may shrink. Our paper attempts to identify these short‐ and long‐term risks.

The purpose of the work is to raise awareness and intensify scientific discussion about the possible social consequences of digitalization and automation in developing countries with the example of Russia. Our paper suggests methods and describes the results of preliminary assessments. The approach, used in this work, does not solve the problem of predicting these phenomena but may serve in determining the pessimistic scenario. In fact, we set up a thought experiment in our work: what will happen in the Russian regions if simultaneous automation happens, considering existing and emerging technologies? The short‐term effects of the coronavirus pandemic turned out to be quite similar, although so far there is no data to confirm this thesis. It is a natural experiment for testing technologies and the labour market of the future.

The following section describes a possible impact of new technologies on employment in Russia and abroad. Next, we introduced our research methodology. In the results, a preliminary assessment of automation risks in the Russian regions is given. Some recommendations for federal, regional authorities and individuals are proposed in the conclusion.

2. LITERATURE REVIEW {#rsp312286-sec-0002}
====================

The effect of technological change on employment is devoted to the work of major scientists and thinkers (Pigou, [1933](#rsp312286-bib-0069){ref-type="ref"}; Ricardo, [1951](#rsp312286-bib-0072){ref-type="ref"}; Say, [1964](#rsp312286-bib-0076){ref-type="ref"} and others). Based on the previous review (Vivarelli, [2014](#rsp312286-bib-0089){ref-type="ref"}), we can identify several main mechanisms that compensate a decline in employment as a result of new technology implementation. However, every mechanism has its own limitations in modern Russia and may have similar ones in many developing countries.

2.1. Reduced prices {#rsp312286-sec-0003}
-------------------

New technologies contribute to lower prices for products, as they increase production efficiency (Pigou, [1933](#rsp312286-bib-0069){ref-type="ref"}; Stoneman, [1995](#rsp312286-bib-0083){ref-type="ref"}; Vivarelli, [1995](#rsp312286-bib-0088){ref-type="ref"}). Lower prices stimulate demand, which leads to an increase in production and employment. An example is Uber and an increase in the number of registered taxi drivers. However, prices fall in perfect competition, which is not the case for most of the Russian markets. The public sector's share in Russian GDP exceeds 43%, and many markets are monopolized, or their prices are regulated by the state (Abramov, Aksenov, Radygin, & Chernova, [2018](#rsp312286-bib-0001){ref-type="ref"}).

2.2. Investments {#rsp312286-sec-0004}
----------------

The accumulation of investments in the period between the reduction of costs due to innovation and the subsequent decrease in prices; than it may increase capital investments in production and jobs (Marshall 1961; Ricardo, [1951](#rsp312286-bib-0072){ref-type="ref"}; Stoneman, [1995](#rsp312286-bib-0083){ref-type="ref"}). A classic example in Russia is industrialization in the early Soviet period due to enlargement, mechanization of agriculture and the extraction of natural rent. In conditions of high investment risks in modern Russia, investors prefer to withdraw capital abroad. Investments can also be directed to highly automated industries with low employment such as automated production, unmanned vehicles, etc. Almost any new enterprise requires a significantly smaller number of employees.

2.3. Reduction of wages {#rsp312286-sec-0005}
-----------------------

Reduction of costs by reducing wages, working hours lead to increase in capital investments and new jobs (Pigou, [1933](#rsp312286-bib-0069){ref-type="ref"}; Venables, [1985](#rsp312286-bib-0087){ref-type="ref"}). In Russia, there are administrative restrictions on staff cuts, especially during economic crises (Zubarevich, [2015](#rsp312286-bib-0099){ref-type="ref"}). A similar situation is observed in 2020, when, despite the decline in turnover, enterprises were recommended not to reduce employment. Some of the workers are transferred to underemployment and to the informal sector of the economy (self‐employed), which can hide real problems and slow down the structural adaptation of the labor market.

2.4. Increased incomes {#rsp312286-sec-0006}
----------------------

Increased incomes due to growing labour productivity should lead to increased demand and employment in other sectors (Vivarelli, [2014](#rsp312286-bib-0089){ref-type="ref"}). However, additional incomes can be spent on acquiring foreign durable goods, as well as rise in real estate prices, especially in poor institutional environment. It may have limited impact, including due to possible inflation. Since 2014, an increase in the productivity in Russia was not accompanied by income growth (Barinova & Zemtsov, [2020](#rsp312286-bib-0010){ref-type="ref"}). In the 2020 crisis, household income and global demand may decline significantly.

2.5. Creation of new products and services {#rsp312286-sec-0007}
------------------------------------------

The emergence of new industries, new products and services will lead to increased demand for labour (Aghion & Howitt, [1994](#rsp312286-bib-0004){ref-type="ref"}; Nelson & Phelps, [1966](#rsp312286-bib-0064){ref-type="ref"}). Low entrepreneurial and innovative activity in Russia limits the development opportunities for new industries and new products (Zemtsov, Barinova, & Semenova, [2019](#rsp312286-bib-0094){ref-type="ref"}; Zemtsov & Kotsemir, [2019](#rsp312286-bib-0095){ref-type="ref"}).

Vivarelli ([2014](#rsp312286-bib-0089){ref-type="ref"}), after conducting a detailed review of econometric studies, notes that process innovations, such as automation, predominantly reduce employment, however there are compensating mechanisms associated with new products, lower prices and higher incomes.

2.6. Automation risks {#rsp312286-sec-7586}
---------------------

It is highly relevant to assess the possible risks of automation due to the mentioned above imperfections of the labour markets, especially in times of economic crisis. Previous technological changes have not led to a long‐term increase in unemployment (Kapeliushnikov, [2019](#rsp312286-bib-0050){ref-type="ref"}; Perez, 2003). For example, the increase in agriculture labour productivity due to mechanization in the former USSR was accordingly compensated by the migration from rural settlements to cities and appearance of new industrial professions. However, as mentioned earlier, the digital transformation has accelerated significantly in the context of the 2020 crisis.

In recent years, dozens of studies have been published to assess the potential automation of workplaces. A start was made by the article (Frey & Osborne, 2017). The authors proposed a function of automation probability for each profession based on three criteria: perception and manipulation, creative (David, [2015](#rsp312286-bib-0032){ref-type="ref"}) and social intelligence. Several professional groups have a low probability (less than 0.01): doctors, social workers, creative and STEM professions, scientists, mentors and top managers. Among the most vulnerable professions (above 0.99) are: seamstresses, technicians, insurance, tax and tourist agents, bank clerks, librarians, call centre staff, etc. In the US, about 47% of employees are vulnerable, that is, they have a probability higher than 0.7. Many of these professions involve personal contact with clients, while not requiring high social intelligence (Leibovici et al., [2020](#rsp312286-bib-0057){ref-type="ref"}). Therefore, they may suffer during the crisis transformation in 2020. First, routine, but the most crucial areas, such as logistics and production, were highly automated, now is a time for an increasing number of services, sales, construction, and as a result of artificial intelligence development even science and engineering will be greatly transformed. People's qualifications and competences are the main factors that may reduce the likelihood of automation. As a long result, personal offline services will be performed only by the best professionals, and only rich people can afford it; most of the services will be online and automated. Other offline businesses that do not succeed or fail to undergo a digital transformation (website, online orders and sales, Internet banking, etc.) are likely to be marginalized.

These processes will have high spatial differentiation. For example, in the USA, the greatest vulnerability is observed in the cities of Las Vegas, Los Angeles and Houston, where the entertainment sphere is developed. The hotel sector, restaurant business, tourism are the most susceptible according to (Frey & Osborne, [2017](#rsp312286-bib-0039){ref-type="ref"}) and they are most affected during the 2020 crisis (Leibovici et al., [2020](#rsp312286-bib-0057){ref-type="ref"}). The least vulnerable are Boston, Washington, DC, New York and San Francisco, where R&D, information and communication technologies (ICT), biotechnology and other creative industries are represented (Florida, [2002](#rsp312286-bib-0036){ref-type="ref"}). In these sectors, the share of remote, non‐permanent employment and digitalization rates were already higher, therefore, the damage from the crisis should be lower, while the market demand for online services is maintained.

Using a similar technique, studies have been conducted in many countries (Table [1](#rsp312286-tbl-0001){ref-type="table"}). The lower potential of automation in developed countries is associated with a higher digitalization rate (World Bank, [2016](#rsp312286-bib-0091){ref-type="ref"}) and human capital concentration.

###### 

Estimates of the proportion of potentially automated workforce, %

  Country          Methods of (Frey & Osborne, 2013)                             Methods of (Manyika et al., [2017](#rsp312286-bib-0059){ref-type="ref"})
  ---------------- ------------------------------------------------------------- --------------------------------------------------------------------------
  China            77.1                                                          51
  India            68.9                                                          52
  Germany          59                                                            48
  Italy            56.2                                                          50
  Poland           56.3                                                          49
  Japan            49                                                            56
  USA              47                                                            46
  France           49.5                                                          43
  Canada           45                                                            47
  Sweden           46.7                                                          46
  United Kingdom   35                                                            43
  Korea            ‐                                                             52
  Russia           26.5 (Zemtsov, [2017](#rsp312286-bib-0092){ref-type="ref"})   44.8 (Zemtsov, [2017](#rsp312286-bib-0092){ref-type="ref"})

*Sources*: Chang & Huynh, [2016](#rsp312286-bib-0028){ref-type="ref"}; Knowles‐Cutler, Frey, & Osborne, [2014](#rsp312286-bib-0052){ref-type="ref"}; Lamb, 2016; Pajarinen & Rouvinen, [2014](#rsp312286-bib-0065){ref-type="ref"}; Schattorie, de Jong, Fransen, & Vennemann, [2014](#rsp312286-bib-0077){ref-type="ref"}; Wakao & Osborne, [2015](#rsp312286-bib-0090){ref-type="ref"}; World Bank, [2016](#rsp312286-bib-0091){ref-type="ref"}; Bonin, Gregory, & Zierahn, [2015](#rsp312286-bib-0021){ref-type="ref"}.

The Frey--Osborne approach has been criticized many times, since professions cannot be completely automated. Over the past decades, only a few professions have disappeared from employment classifiers, for example, the profession of a stenographer was officially eliminated in Russia in 2018. Within professions and sectors, labour is redistributed between routine and creative activities. In general, the need for more educated and qualified specialists is growing in the world. Therefore, experts at the McKinsey Global Institute (Chui, Manyika, & Miremadi, [2015](#rsp312286-bib-0029){ref-type="ref"}; Manyika et al., [2017](#rsp312286-bib-0059){ref-type="ref"}) analysed 2000 production tasks in 800 US occupations and estimated the proportion of time workers spend on performing routine operations. About 49% of work time can be automated, but only 5% of professions can be fully automated.

According to surveys of top managers and expert polls (Cosbey et al., [2016](#rsp312286-bib-0031){ref-type="ref"}; Le Clair et al., [2016](#rsp312286-bib-0056){ref-type="ref"}; The Future of Jobs, [2016](#rsp312286-bib-0085){ref-type="ref"}), employment in mining, manufacturing, banking services will decrease because of automation. In Russia, according to estimates of the SuperJob recruiting portal, by 2024 about 20% of those employed will lose their jobs, and the unemployment rate may increase to 20--25% by 2022.

In a paper by Acemoglu & Restrepo ([2017](#rsp312286-bib-0003){ref-type="ref"}), data on industrial robots implementations in the United States in 1990--2007 were used to show that increase in the number of robots (one per 1,000 employees) leads to a decrease in the share of employees (0.18--0.4 percentage points), and wages (0.25--0.5) in local labour markets, also considering the impact of imports from other countries, reducing routine work and ICT development. At the same time, estimates of unemployment in the USA do not include the ever‐increasing number of disabled, part‐time and forced retirees (Jordan, [2016](#rsp312286-bib-0049){ref-type="ref"}).

The reduction and redistribution of employment may not lead to negative social consequences, since the labour market is gradually adapting, the share of non‐routine, creative activity, freelance is increasing, and the share of working time is decreasing (Kapeliushnikov, [2019](#rsp312286-bib-0050){ref-type="ref"}; Morgan, [2019](#rsp312286-bib-0063){ref-type="ref"}). The very concept of the natural unemployment rate may disappear. Already by 2016 in Russia, about 88.1% of workers were included in different forms of precarious employment, although significant regional differences persisted (Bobkov, Kvachev, & Novikova, [2018](#rsp312286-bib-0020){ref-type="ref"}). But with the rapid crisis transformation, the risks of social exclusion increase significantly.

3. RESEARCH METHODS AND DATA {#rsp312286-sec-0008}
============================

There are three main approaches to assess potential employment automation: analysis of professional groups, share of routine work tasks and expert surveys. The latter were not used for regional estimates because of their high cost and low verifiability. Other methods require strong assumptions about the compliance of routine tasks in the US and other countries' professions and industries as the author is not aware of initial calculations for developing nations. For preliminary assessments, these methods are applicable, but they do not consider demographic, migration, social and other trends.

RLMS‐HSE data [^2] can be used for Russian case estimates by the Frey--Osborne method (Frey & Osborne, [2017](#rsp312286-bib-0039){ref-type="ref"}). After comparing classifications from original work (Frey & Osborne, [2017](#rsp312286-bib-0039){ref-type="ref"}) and RLMS‐HSE data from 18,000 respondents (Zemtsov, [2017](#rsp312286-bib-0092){ref-type="ref"}), the probability of automation was determined for only 3,325 respondents (Figure [1](#rsp312286-fig-0001){ref-type="fig"}). As a result, 26.5% of the sampled work in professions that have a high, more than 70%, probability of automation (Table [1](#rsp312286-tbl-0001){ref-type="table"}). Such professions are among the most‐common in Russia: drivers (7 million people; automation probability estimate ≈98%), sellers (6.8 million people; ≈98%), movers (2.3 million people; ≈72%), cleaners (2.1 million people; ≈83%). Some of these professions could suffer the most during the accelerated business digital transformation in early 2020 (Leibovici et al., [2020](#rsp312286-bib-0057){ref-type="ref"}). Many businesses transferred their employees to remote work, but in the absence of customers due to quarantine measures, bankruptcy is highly likely. These offline professions will continue to exist, but their employment can be significantly reduced.

![Distribution of integrated professional groups (in parentheses are their numbers in the classification of RLMS‐HSE, that is, ISCO‐88) according to the probability of automation](RSP3-9999-na-g001){#rsp312286-fig-0001}

However, there are some doubts about the representativeness of the RLMS‐HSE dataset in relation to the structure of professions in Russia and abroad since it is only 3,325 cases out of 18,000 respondents. Unfortunately, the sample is not representative for regions, and therefore the data is not applicable for the main task.

For regional estimations, the McKinsey Global Institute methodology (Manyika et al., [2017](#rsp312286-bib-0059){ref-type="ref"}) was applied, which smoothed the shortcomings of the first approach. We used the official data of the Russian statistical service about permanent workers in the formal sector, broken down by regions and economic activities.

The estimates for both approaches (Table [1](#rsp312286-tbl-0001){ref-type="table"}) show that the potential automation rate in Russia is lower than in most developed and developing countries, although a higher value could be expected due to the low economy complexity and low labour productivity. It can be easily explained since the estimates considered only formal and permanent employment. And it is highly concentrated in the public services sector, education and healthcare, where social and creative intelligence is actively used (Table [2](#rsp312286-tbl-0002){ref-type="table"}).

###### 

Assessment of the automation potential for economic activities in Russia

  NACE Rew.2                                                                          Share of potentially automated workforce in economic activity, %   Number of permanent formal employees in 2018, million people   Share of economic activity in formal permanent employment in Russia, %   Number of permanent formal employees by 2030, million people
  ----------------------------------------------------------------------------------- ------------------------------------------------------------------ -------------------------------------------------------------- ------------------------------------------------------------------------ --------------------------------------------------------------
  Accommodation and food service activities                                           73                                                                 0.83                                                           1.9                                                                      0.22
  Manufacturing                                                                       60                                                                 6.88                                                           15.6                                                                     2.75
  Agriculture, forestry and fishing                                                   58                                                                 1.49                                                           3.4                                                                      0.62
  Retail trade/wholesale and retail trade; repair of motor vehicles and motorcycles   53/44                                                              5.71                                                           12.9                                                                     2.9
  Mining and quarrying                                                                51                                                                 0.99                                                           2.2                                                                      0.49
  Construction                                                                        47                                                                 2.41                                                           5.5                                                                      1.28
  Transportation and storage                                                          45.8                                                               3.24                                                           7.3                                                                      1.39
  Electricity, gas, steam and air conditioning supply                                                                                                    2.02                                                           4.6                                                                      1.13
  Other service activities                                                            44                                                                 0.32                                                           0.7                                                                      0.16
  Financial and insurance activities                                                  43                                                                 1.03                                                           2.3                                                                      0.59
  Arts, entertainment and recreation                                                  41                                                                 0.84                                                           1.9                                                                      0.5
  Real estate                                                                         40                                                                 1.41                                                           3.2                                                                      0.85
  *Public administration and defence; compulsory social security*                     *39*                                                               *3.44*                                                         *7.8*                                                                    *2.1*
  *Information and communication*                                                     *36*                                                               *1.09*                                                         *2.5*                                                                    *0.7*
  *human health and social work activities*                                           *36*                                                               *4.17*                                                         *9.4*                                                                    *2.67*
  *Professional, scientific and technical activities*                                 *35*                                                               *2.11*                                                         *4.8*                                                                    *1.37*
  *Administrative and support service activities*                                     *35*                                                               *1.25*                                                         *2.8*                                                                    *0.76*
  *Education*                                                                         *27*                                                               *4.92*                                                         *11.1*                                                                   *3.59*
  *All sectors*                                                                       *44.78*                                                            *44.15*                                                        *100*                                                                    *24.08*

*Note*: The dark background highlighted the industries, in which the automation potential is higher than the global average; least affected industries are highlighted in italics.

Automation itself does not lead to unemployment, but it increases the need to continuously update knowledge, skills, to be prepared for changes and to maintain creativity. About 80% of employees in Russia are not ready to work in highly competitive, technologically sophisticated markets (Butenko et al., [2017](#rsp312286-bib-0026){ref-type="ref"}). It is similar in many developing countries as an average employee is engaged in low‐skilled work requiring routine actions and do not seek to improve their skills.

There is a risk that many people will not be able to adapt; therefore, they will be excluded from modern processes associated with the creation, development, and diffusion of new ideas, technologies and products. We proposed to call this new sector "nescience economy" (Zemtsov, [2017](#rsp312286-bib-0092){ref-type="ref"}, [2018](#rsp312286-bib-0093){ref-type="ref"}; Zemtsov et al., [2019](#rsp312286-bib-0094){ref-type="ref"}) as opposed to the "knowledge economy" (Powell & Snellman, [2004](#rsp312286-bib-0071){ref-type="ref"}). During the pandemic, accelerated digitalization and disappearance of offline businesses are leading to employment reduction and transfer of a substantial part of employees to informal sector in the least developed Russian regions. For example, temporary labor migrants (security guards, sellers, others) massively returned from the largest agglomerations to the rural areas. High digital inequality among the population leads to the exclusion of the least educated and aged residents from the use of many modern services. A low level of trust, especially among this group, reduces the possibility of using new technologies, such as Internet banking, online ordering of goods, electronic payment for housing and communal services, etc. To save employment, it will be necessary to introduce training programmes for computer and digital literacy, retraining programmes for new professions and encourage entrepreneurial initiatives. It is highly possible that governments and the labour market will respond to technological challenges during and after the economic crisis with a delay, since these actions take time and compensating mechanisms are limited in developing countries. That is, there will be a gap between an increasing number of unemployed people and new vacancies (Brynjolfsson & McAfee, [2014](#rsp312286-bib-0023){ref-type="ref"}).

These changes may affect not only permanent workers, but also freelancers and those partially employed in the informal sector, which were not considered in previous calculations. Therefore, we tried to estimate the share of all working age population potentially exposed to and affected by total digitalization and automation (*NSE*). The high value of this indicator increases risks of social exclusion and the "nescience economy" formation. It was calculated using the following equations: where *i* is a region; *t* is the year; *NSE* is the number of working age people who are vulnerable to technological exclusion because of total digitalization and potential automation (40.8 million people in Russia in 2018); *AE* is the number of formally employed, subject to total digitalisation and potential automation, million people (I in the Figure [2](#rsp312286-fig-0002){ref-type="fig"}; 26); *AIE* is the number of people employed in the informal sector, potentially exposed to total digitalization and affected by potential automation, million people (II; 7.69); *ANE* is the number of non‐working citizens, who do not consider themselves unemployed, potentially affected by total digitalization and automation, million people (III; 2.93); *CUE* is the number of permanent unemployed, million people (IV; 4.26).

![The structure of population in Russia with potential "nescience economy" (spheres shaded by the background)](RSP3-9999-na-g002){#rsp312286-fig-0002}

At first, we used the share of formally employed (*AUT*) susceptible to potential total digitalization and automation according to the proposed technique in Table [1](#rsp312286-tbl-0001){ref-type="table"} (Manyika et al., [2017](#rsp312286-bib-0059){ref-type="ref"}): where *E* is the number of employees, million people (68.39 mln persons); *IE* is the share of employed in the informal sector, %.

Second, based on the sectoral structure of informal employment, the coefficient of its potential automation (*AUT \**) was estimated. As expected, its value turned out to be higher than for the formal sector, since the share of trade and other offline services is higher. In the sector, routine labour, based on personal interactions, prevails. For comparison, the share of the informal sector potentially affected by automation is 53% (52.2% for men, 54% for women; 51.9% for citizens, 54.8% for the villagers): $$\mathit{AIE}_{i,t} = \left( {E_{i,t} \times \mathit{IE}_{i,t}} \right) \times \mathit{AUT}_{t}^{*},$$where *AIE* is the number of people employed in the informal sector, potentially affected by automation, million people.

The number of non‐working citizens who do not consider themselves unemployed (*ANE*) is calculated by excluding from the working population (*WAP*), the employed and "permanent" unemployed (*CUE*) (see explanation below). This category of citizens is very heterogeneous, including students, renters, homemakers, those engaged in subsistence farming, etc., but estimates of possible technological exclusion cannot be lower than for informal workers (*AUT\**), since many of them do not participate in the creation and development of new technologies: $$\mathit{ANE}_{i,t} = \left( {{WA}P_{i,t}–\mathit{IE}_{i,t}–\mathit{CUE}_{i,t}} \right) \times \mathit{AUT}_{t}^{*}.$$In our calculations, it is methodologically incorrect to use the current number of unemployed, as it is changing, and people may be in the process of retraining. Therefore, the number of "permanent" unemployed (*CUE*) was calculated based on the minimum unemployment rate for each region in 1995--2015 according to the International Labour Organization methodology (*minUE*). It is assumed that *minUE* will not fall lower during total digitalization and automation; it can be considered natural unemployment rate for the region: $$\mathit{CUE}_{i,t} = \min\mathit{UE}_{i,1995 - 2015} \times \mathit{EAP}_{i,t},$$where *EAP* is labour force (economically active population), mln people (76,588).

The described methodology does not consider demographic (decrease in the share of the working‐age population) and socio‐economic (dynamics of the cost of robots and labour) trends. For more accurate estimates and understanding exclusion factors is necessary conducting specialized sociological surveys.

To identify the factors that may reduce the described risks and to assess adapting strategies for different regions, we formulated several hypotheses based on the literature review. The most adaptable richer and more educated citizens concentrated in the largest cities, where adaptation capacity is also higher due to a more diverse labour market (agglomeration effects) and greater opportunities for starting a business (McCann & Van Oort, [2019](#rsp312286-bib-0062){ref-type="ref"}; Zemtsov et al., [2019](#rsp312286-bib-0094){ref-type="ref"}; Zemtsov & Tsareva, [2018](#rsp312286-bib-0096){ref-type="ref"}). [^3]The higher is the average education level, and accordingly qualification, the faster communities can adapt and create new jobs (Arntz, Gregory, & Zierahn, [2016](#rsp312286-bib-0006){ref-type="ref"}; Kuzminov, Sorokin, & Froumin, [2019](#rsp312286-bib-0053){ref-type="ref"}; Zemtsov et al., [2019](#rsp312286-bib-0094){ref-type="ref"}). Getting new knowledge and skills, including those related to digital technologies, is easier for people with higher education.The richer regional community, the better its quality of living, the more adaptive it will be, because its residents have a reserve of funds for digital or other retraining, moving, starting a new business, etc. (Arntz et al., [2016](#rsp312286-bib-0006){ref-type="ref"}; Chang & Huynh, [2016](#rsp312286-bib-0028){ref-type="ref"}; Frey & Osborne, [2017](#rsp312286-bib-0039){ref-type="ref"}). In addition, this is an indicator of the regional attractiveness for high‐skilled specialists who will determine regional development during and after the crisis.Entrepreneurial activity and institutional conditions for the development of small business (Barinova, Zemtsov, & Tsareva, [2018](#rsp312286-bib-0011){ref-type="ref"}; Bosma, Sanders, & Stam, [2018](#rsp312286-bib-0022){ref-type="ref"}; Zemtsov et al., [2019](#rsp312286-bib-0094){ref-type="ref"}) determine the possibilities for creating new areas of employment, realizing the creative potential of residents.ICT development indicates digital divide rate. ICT contributes to the new markets and the new areas of employment (World Bank, [2016](#rsp312286-bib-0091){ref-type="ref"}); the higher the digitalization rate in a region, the more adaptive it is. It may also indicate that a certain level of automation has already been achieved, and part of the population has adapted (Baburin & Zemtsov, [2017](#rsp312286-bib-0008){ref-type="ref"}; Zemtsov et al., [2019](#rsp312286-bib-0094){ref-type="ref"}).According to the hypotheses, we proposed an empirical model: $$\mathit{dNS}E_{i,t} = \textit{const} + \textit{Agglom}_{i,t} + \textit{HumCa}p_{i,t} + \textit{LifeQulity}_{i,t} + \textit{EntrInsti}t_{i,t} + \mathit{IC}T_{i,t} + \textit{Contro}l_{i,t},$$where, dNSE -- share of working age population potentially exposed to and affected by automation, which increases risks of social exclusion, %; const -- constant; Agglom -- urbanization, %; HumCap -- human capital: share of urban employees with higher education, %; LifeQuality -- income, rubles; EntrInstit -- institutions for entrepreneurship: number of small firms *per capita*; ICT -- ICT development: the share of households with internet access, %; Control -- control variable: the share of potentially automated workforce (table [3](#rsp312286-tbl-0003){ref-type="table"}), %.

To assess agglomeration effects, we used the share of urban residents and the share of regional capital residents as the proper indicators of economic activity concentration and diversity in a region. There are many assessment approaches in the literature: market size, market access, diversification, etc. (De Groot, Poot, & Smit, [2009](#rsp312286-bib-0033){ref-type="ref"}; Zemtsov & Tsareva, [2018](#rsp312286-bib-0096){ref-type="ref"}), but it was important to understand how global urbanization trends can reduce social risks of automation as it was during industrialization in the twentieth century (Kapelyushnikov, 2019).

We consider the sum of knowledge, abilities and skills used by regional community in economic activity as its human capital (Becker, Murphy, & Tamura, [1990](#rsp312286-bib-0013){ref-type="ref"}; Zemtsov et al., [2019](#rsp312286-bib-0094){ref-type="ref"}; Zemtsov & Kotsemir, [2019](#rsp312286-bib-0095){ref-type="ref"}). For the assessment, we used the share of employees with higher education, assuming that this is the most productive, skilled and adaptable part of regional communities. Although there are different approaches at the regional level (Faggian, Modrego, & McCann, [2019](#rsp312286-bib-0035){ref-type="ref"}; Gennaioli, La Porta, Lopez‐de‐Silanes, & Shleifer, [2013](#rsp312286-bib-0041){ref-type="ref"}), including literacy rates, average years of education, numbers of students, etc. We need to evaluate how the global process of tertiary education spread can reduce the social risks.

To assess wealth and quality of life in a region, we used an average income (Barinova & Zemtsov, [2020](#rsp312286-bib-0010){ref-type="ref"}). Of course, this is a rather simplified indicator, since the concept of quality of life is more multifactorial, it includes living conditions, happiness, life expectancy, etc. Using the mean instead of the median does not consider inequalities within the region. However, this is enough for our task of rough assessing the impact of residents' incomes, their accumulated capital, on the ability to adapt to technological changes. On average, the income level of residents in most countries grew after the 2008 crisis (Alvaredo, Chancel, Piketty, Saez, & Zucman, [2018](#rsp312286-bib-0005){ref-type="ref"}), although the growth rate decreased significantly, and in many poorly developed regions it became negative. For example, in Russia average incomes have been declining since 2014 despite the slow GDP growth (Barinova & Zemtsov, [2020](#rsp312286-bib-0010){ref-type="ref"}).

We examined the density of small business to assess business environment, regional attractiveness for investors, residents, and accordingly its adaptability (Barinova et al., [2018](#rsp312286-bib-0011){ref-type="ref"}; Zemtsov et al., [2019](#rsp312286-bib-0094){ref-type="ref"}; Zemtsov & Tsareva, [2018](#rsp312286-bib-0096){ref-type="ref"}). It also measures involvement of the community in new products creation. Entrepreneurial activity was growing during the last years due to a sharp decrease in the cost of IT startups, creating Internet platform development such as Alibaba, AirBnB, Uber, etc. (Burtch , Carnahan, & Greenwood, [2018](#rsp312286-bib-0025){ref-type="ref"}). In post‐soviet countries, the entrepreneurial activity rate is traditionally lower, and therefore opportunities for reducing social threats are not obvious (Barinova et al., [2018](#rsp312286-bib-0011){ref-type="ref"}; Barinova, Zemtsov, & Tsareva, [2019](#rsp312286-bib-0012){ref-type="ref"}; Dheer, [2017](#rsp312286-bib-0034){ref-type="ref"}). In addition, during the current crisis, small and medium‐sized businesses will suffer significantly, as the restrictions imposed on citizens mobility have reduced demand by 60‐90% in tourism, catering, entertainment sector, trade, construction, etc.

Information technology usage has risen significantly over the past decade, but the rate of digital inequality is quite high in the world and especially in Russia (Baburin & Zemtsov, [2017](#rsp312286-bib-0008){ref-type="ref"}). It drastically limits the adaptation opportunities for the least developed territories. The digital divide includes inequalities in Internet access, online skills and tangible outcomes of Internet use (Scheerder, van Deursen, & van Dijk, [2017](#rsp312286-bib-0078){ref-type="ref"}). It not only simply extends traditional forms of inequality, but also may include new forms of social exclusion, especially during the crisis. We use the share households with internet access. To a certain extent, this is also an indicator of new technology implementation in a regional economy. Many other ICT development indicators, such the share of firms with websites, number of personal computers, mobile Internet usage, the share of online services, etc., are highly correlated with the selected one at the regional level. As an example, in Moscow, 87% of households have access to broadband Internet, and less than 68% in the least developed regions of the North Caucasus. But in Moscow, only 50% of respondents used the Internet to order goods and services, and less than 15% in Dagestan. Even in Moscow, almost 50% of firms did not place orders online, and for example, in Dagestan, more than 80%.

4. RESULTS {#rsp312286-sec-0009}
==========

4.1. Potential employment automation {#rsp312286-sec-0010}
------------------------------------

The most vulnerable to potential automation in Russia are hotel and restaurant industries (73% of permanent employees), manufacturing (60%), agriculture and forestry (58%), retail (53%), and the least potentially automated are education (27%), ICT, R&D (35%) and healthcare (36%) (Table [2](#rsp312286-tbl-0002){ref-type="table"}). Until 2020, even in hotels and restaurants, the automation rate was low, since most of them were working for local markets and there are a lot of non‐routine actions, personal communication, especially in the most expensive establishments. But the pandemic and the economic crisis will lead to increased competition and need for further digital transformation for survival. Robotic hotels, automated cooking, and dron grocery delivery are among the most sought‐after technologies during the pandemic.

According to our estimations, around 44.8% (19.8 million) of permanent formal employment in Russia may suffer from potential digitalization and automation (Table [2](#rsp312286-tbl-0002){ref-type="table"}), which is lower or comparable with most of developed countries (Table [1](#rsp312286-tbl-0001){ref-type="table"}). In Russia 34% of employees work in industries that are potentially more than 50% susceptible to automation (Table [2](#rsp312286-tbl-0002){ref-type="table"}). Accommodation and food services, some manufacturing (automotive and aviation industries) and offline retail trade may suffer greatly during the crisis. If the described trends are realized, then by 2030 in Russia there will be a different structure of the economy with a significantly smaller number of formal permanent employees, about 20 million people out of 75 million workforce, and a higher share of tertiary and quaternary sectors (last column in the Table [2](#rsp312286-tbl-0002){ref-type="table"}). Fortunately, a significant part of the population is already engaged in more digitalized and less potentially automated sectors: ICT, education, online services, health care and public administration (Gimpelson & Kapeliushnikov, [2015](#rsp312286-bib-0043){ref-type="ref"}). These knowledge‐intensive sectors can grow even during pandemic and crisis; digital, medical and online services, distance education, public services are still and even more required.

The differences between the regions is more than 10%: the maximum value is 47.6% in the industrial Leningrad Region, nearby St. Petersburg, with advanced automotive industries ("Toyota," "General Motors," "Nissan," "Hyundai" and "Ford" factories); the minimum is 37.1% in the least developed Republic of Tyva, in the central part of Eurasia, with large public and informal sectors. As in the case with countries, it does not exceed the inter‐sectoral differences (Table [2](#rsp312286-tbl-0002){ref-type="table"}).

About 30% of the total number of potential technological unemployed is concentrated in the largest regions (Zemtsov, [2017](#rsp312286-bib-0092){ref-type="ref"}): Moscow (2 million people; 43.1%); St. Petersburg (0.9; 44.2); Moscow region (0.94; 45.5), Sverdlovsk (0.7; 46) region; Krasnodar Territory (0.64; 45.1) and Tatarstan (0.6; 45.9). An increase in their numbers in the previous decade was observed as a result of a growing retail and agriculture sector employment in the least developed regions (Ingushetia, Chechnya), growth of the manufacturing industry due to attraction of relevant foreign investors into proactive regions (St. Petersburg, Novosibirsk, Kaluga, Tyumen and Belgorod regions) and expansion of oil and gas industries in northern territories (Nenets and Yamalo‐Nenets autonomous districts). Table [3](#rsp312286-tbl-0003){ref-type="table"} presents average indicators characterizing several groups of regions, identified according to their automation risks [^4].

###### 

Average values of regional characteristics for several groups

  Group of factors. Affecting automation                              Main indicators \\ Groups of regions by the share of potentially automated workforce, %                                           1\. \> 46%   2\. 45--46%   3\. 44--45%   4\. 42--44%   5\. \< 42%
  ------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------- ------------ ------------- ------------- ------------- ------------
  Economic structure                                                  The share of manufacturing in GRP. %                                                                                              27.5         19.8          17.5          9.4           5.4
  Agglomeration effects and human capital                             The share of employed urban citizens with higher education, % (Zemtsov & Kotsemir, [2019](#rsp312286-bib-0095){ref-type="ref"})   9.5          10.5          11.7          12.7          5.9
  Economic development and quality of life                            GRP *per capita* in constants prices, thousand rubles                                                                             281          348           628           556           205
  Unemployment rate on average per year. %                            5.08                                                                                                                              5.13         6.19          6.34          13.1          
  Average monthly wage. Rubles                                        25.7                                                                                                                              27.5         33.5          44.4          26.1          
  Share of people employed in the informal sector. %                  21.7                                                                                                                              21.5         20.4          19.2          38.4          
  Share of employed in state and municipal organizations, %           37.7                                                                                                                              40           43.3          50            69.9          
  Entrepreneurship and institutions                                   The number of small enterprises *per capita*                                                                                      25.5         25.1          29.5          24.5          14.5
  Investment Risk Index (RAEX)                                        0.96                                                                                                                              0.96         1.05          1.19          1.55          
  ICT and new technologies                                            Share of organizations having a website, %                                                                                        43.9         43            40.7          43.2          34.7
  The number of PCT patent applications for inventions *per capita*   3.97                                                                                                                              4.01         4.56          6.07          2.07          

The highest share of the manufacturing industry in the GRP is a factor of higher automation susceptibility (\> 46%), since the use of industrial robots and unmanned technologies is most common in machine building. Regions with a high share of manufacturing (group 1: Lipetsk, Kaluga, Leningrad, Vladimir regions, etc. (Figure [4](#rsp312286-fig-0004){ref-type="fig"})), have lower wages and poorer education, which also increases their vulnerability. But the regions with low level of investment risks and medium entrepreneurial activity can smooth out the effects of robotization (group 2: Perm, Sverdlovsk Voronezh, Yaroslavl, Kaliningrad regions, Tatarstan, etc.). The real unemployment rate is inversely proportional to the level of potential automation, which can be explained by political measures to control unemployment (Zubarevich, [2010](#rsp312286-bib-0098){ref-type="ref"}). In group 4 with low potential automation rates (42--44%), there are regions with a high levels of development, innovation potential, higher wages and average education level (Moscow, Tomsk region). The lowest indicators of potential automation (\<42%) are observed in the least developed regions (group 5: Dagestan, Altai, Tyva, Ingushetia, Chechnya, etc.) with the highest share of the public sector, high unemployment and higher share of informal employment. These are the regions with the least ICT development and innovation potential, and with low human capital concentration. In these regions, the low potential of automation is associated with very backward technological and socio‐economic development.

4.2. Potential technological exclusion {#rsp312286-sec-0011}
--------------------------------------

The diffusion of new technologies in Russia may lag in time from developed countries (except global cities like Moscow and St. Petersburg), but then it spreads exponentially (Baburin & Zemtsov, [2017](#rsp312286-bib-0008){ref-type="ref"}). This is due to low social, technological ties and geographical distances between leading enterprises, novators in the advances regions and lagging regional communities at the initial phase. A similar pattern can be found in other large developing countries such as China, India or Brazil (Comin, Hobijn, & Rovito, [2006](#rsp312286-bib-0030){ref-type="ref"}). Most regions may not be ready for the increased burden on the social sphere if many working age people are rapidly excluded from economic activity.

During the last decade, the number of working age population potentially exposed to and affected by future total digitalization and automation in Russia decreased from 45 to 40.8 million people (9.4%), but their share reduced not so significantly: from 50.2% to 49% (Figure [3](#rsp312286-fig-0003){ref-type="fig"}). There was slow labour market adaptation: older and less prepared generations was leaving; employment in less susceptible to potential automation sectors grew faster: education, ICT, internet‐services, etc. It was a period of fast digitalization of many sectors. At the same time, involvement of the population in economic activity increased as the share of non‐working citizens reduced significantly. However, in the last years, the number of informal employees grew. In 2020, it is expected that their number will increase by several million, as it has already happened in previous crisis periods.

![Dynamics of working age population potentially exposed to and affected by total digitalization and automation](RSP3-9999-na-g003){#rsp312286-fig-0003}

The maximum rate of working age population who are vulnerable to technological exclusion is in the least developed southern and mountain regions: Ingushetia (61%), Chechnya (57), Dagestan (54), Karachay‐Cherkessia (53), Tyva (53). These regions are characterized by a low level of general socio‐economic development, a high proportion of the informal sector and rural residents, lower concentration of human capital and the highest digital divide (Figure [4](#rsp312286-fig-0004){ref-type="fig"}). Due to low formal and permanent employment, low labour costs and backward technological development these same regions have the modest potential for automation, and, accordingly, the lowest prospects for labour productivity growth (group 5 in Table [3](#rsp312286-tbl-0003){ref-type="table"}). The combination of low opportunities for labor productivity increasing and high social risks can lead to the most dramatic social consequences and the imbalance of regional budgets, which are already largely dependent on federal support.

![The working age population potentially exposed to and affected by total digitalization and automation in the Russian regions in 2018. *Note*: The Republic of Crimea and Sevastopol, not shown on the scheme, are in group 2](RSP3-9999-na-g004){#rsp312286-fig-0004}

The highest and growing risks are identified in the northern oil and gas producing regions (Nenets and Yamalo‐Nenets autonomous districts), in which automation potential is high. Many northern settlements during the Soviet period were overpopulated because surcharges were allocated for living in the north. With the collapse of the USSR, these settlements found themselves in a grave social and economic crisis. Now, most of those employed in these regions are shift workers from other territories. The fall in oil prices and mining automation create conditions for the subsequent social exclusion of many permanent and temporary employees. Although automation trends were not so obvious in remote and sparsely populated areas, where oil and gas production require non‐routine actions; creative approach is essential in conditions of scarce, more expensive and inaccessible resources and machines. The risks of social exclusion mostly grew in regions, where the raw material sector was developing rapidly.

The lowest risks for social exclusion as well as potential automation are in the largest agglomeration, Moscow, with a high share of digital economy, greater and diverse labour markets.

We confirmed our hypotheses about several factors (Table [4](#rsp312286-tbl-0004){ref-type="table"}), affecting "nescience economy" formation and additionally verified the results of the primary comparative analysis (Table [3](#rsp312286-tbl-0003){ref-type="table"}). Accordingly, it helps to identify the mechanisms to adapt and reduce the possible negative impact of technological change (Zemtsov, [2017](#rsp312286-bib-0092){ref-type="ref"}, [2018](#rsp312286-bib-0093){ref-type="ref"}; Zemtsov et al., [2019](#rsp312286-bib-0094){ref-type="ref"}).

###### 

Factors affecting the share of working age population who are vulnerable to technological exclusion

  ------------------------------------------------------------------ --------------------- --------------------- --------------------- ------------------------ ------------------------
  Constant                                                           0.84^\*^ (0.44)       0.6 (0.45)            0.67 (0.44)           0.59 (0.43)              0.64 (0.44)
  The share of regional capital residents, %                         −0.06^\*\*^(0.02)                                                                          
  The share of employed urban citizens with higher education, %                            −0.03^\*^(0.014)                                                     
  The average incomes(considering cost of living), thousand rubles                                               −0.001^\*\*^(0.004)                            
  The number of small firms *per capita*                                                                                               −0.016^\*\*\*^ (0.006)   
                                                                                                                                                                
  The share of households with internet access, %                                                                                                               −0.006^\*\*\*^ (0.002)
  The share of potential technological unemployment, %               0.83^\*\*\*^ (0.12)   0.89^\*\*\*^ (0.12)   0.87^\*\*\*^ (0.11)   0.88^\*\*\*^ (0.11)      0.86^\*\*\*^ (0.11)
                                                                                                                                                                
  R^2^                                                               0.75                  0.75                  0.75                  0.75                     0.75
  Within R^2^                                                        0.13                  0.14                  0.14                  0.16                     0.13
  Schwartz criterion                                                 −3724                 −3736                 −3730                 −3748                    −3727
  ------------------------------------------------------------------ --------------------- --------------------- --------------------- ------------------------ ------------------------

*Notes*: Panel model with fixed effects. Dependent variable is the share of working age population potentially exposed to and affected by potential total digitalization and automation. 731 observations during 2009--2018. All variables are logarithmic. Robust standard errors are in brackets.

The most significant and the main factors, as expected, were the share of urban employees with higher education (human capital) and the share of regional capital residents: the higher these values, the lower are the risks of potential total digitalization and automation. If the share of capital citizens in a region is 1% higher than in others, then its risks are 0.06% lower. Richer communities are also less vulnerable: if in a region the income is higher by 1% than in others, then its social exclusion risks are lower by 0.001%. Favourable institutional conditions for entrepreneurial activity and a high level of digitalization (households with internet access) are also observed in regions with lower social exclusion risks. In regions with developed manufacturing industries and higher share of potential technological unemployment, the social exclusion risks are higher, as we established earlier (Table [3](#rsp312286-tbl-0003){ref-type="table"}).

Hereby, the mentioned global trends (urbanization, increasing role of tertiary education, digitalization and entrepreneurial activity growth) helped to reduce the negative consequences of the technological revolution. But the 2020 economic crisis may dramatically cut small and medium‐sized businesses and negatively affect incomes in most of the countries and regions.

5. CONCLUSION AND RECOMMENDATIONS {#rsp312286-sec-0012}
=================================

Our estimations do not give a definite answer to the question of how many people will suffer from the technological changes (total digitalization, automation, etc.). Nevertheless, using our proposed methods helps to evaluate and compare these risks between countries and regions.

Previous technological changes, occurring throughout the life of affected generations, have not led to a long‐term increase in unemployment. Until 2020, the speed of digitalization and automation was slowed down due to economic (high cost of robots and its implementation in comparison with cheep labour), political (fear of social consequences), legal (ban on the introduction of some technologies) and other restrictions. However, the forced digital transformation has accelerated significantly during and after the 2020 crisis.

Competitive businesses around the world go online, transfer many employees to remote work, and introduce new technological solutions. But many small and medium‐sized businesses are threatened with bankruptcy, since demand for their services and goods have repeatedly fallen during quarantine measures. The risk of high unemployment is simultaneously associated with total digitalization and possible temporary extinction of offline personal services: restaurants, hotels, tourism, entertainment, etc. Most of the traditional professions will not disappear, but employment may significantly decrease. In the long term, most common professions are considered potentially highly automated: sellers, security guards, movers, drivers, etc.

According to our estimations, about 44% of permanent employees (≈20.2 million) in the formal sector in Russia need to adapt during total digitalization and the fourth industrial revolution because they are engaged in routine, potentially automated activities. However, this value is lower than the world average due to relatively high share of knowledge‐intensive industries (education, healthcare, finance, ICT), in which social and creative intelligence are important. Also, the share of electronics and mechanical engineering in Russia is generally low, and these industries are among the most susceptible to automation. Corresponding patterns can also be found at the regional level. In the Russian regions, specializing in manufacturing (Kaluga, Leningrad, Vladimir, Lipetsk, etc.), the risk of automation is higher; more than 46% of formal employment are potentially exposed to automation. The lowest risk (\<42%) is in the largest agglomerations with a high achieved share of the digital economy: Moscow, St. Petersburg, Kazan, Novosibirsk, Yekaterinburg, etc. Ongoing processes may lead to old industrial and "old service" region formation with a long‐term low permanent employment rate.

The labour markets are gradually adapting (Smith & Anderson, [2014](#rsp312286-bib-0081){ref-type="ref"}): new products and online‐services, new industries (distance education, telemedicine, biotechnologies, internet of things, etc.), transition from routine to more complex, responsible and creative tasks, precarious work. However, accelerating technological change can lead to a long‐term mismatch between the exponential increase in automation rate, the compensating effect of retraining and new jobs creation. Some people will not be ready for a life‐long learning, development of new ideas, technologies and products, competition with robots, migration, and accordingly there is a possibility of their technological or even social exclusion. The term "nescience economy" was proposed to describe these processes. Social risks do not come from digitalization and automation processes per se, but from the inability and impossibility to adapt. We are talking about the formation of a group of people, using pension and social benefits as a source of income, as well as leading a subsistence economy. This will be a sector of shadow employment, semi‐legal part‐time jobs with no use of modern technologies, low living standards, and high mortality rates.

To assess these risks, we considered total digitalization and automation processes in informal sector and permanent unemployment. The share of the working age population exposed to and affected by potential total digitalization and automation may vary greatly. The maximum rate is in the least developed Russian regions with a low level of technological development, a high proportion of the informal sector and the least adaptable rural residents. In similar countries and regions, there will be double pressure on the budget: there are no internal conditions for productivity growth through automation (low labour cost, no technology or human capital, inefficient institutions) and, consequently, decrease in revenues is possible, but at the same time social exclusion risks during total digitalization are potentially the highest, which greatly increases social expenditures in the future. Our econometric calculations show that the risks of potential technological and social exclusion are lower in highly urbanized Russian regions with a high concentration of human capital, higher incomes, favourable institutional conditions for business development, and developed ICT infrastructure.

Based on the determined factors, several recommendations can be formulated to minimize the described risks.

Crisis is a good time for learning and self‐education. For individuals, it is important to learn how to use digital technologies, to develop soft skills, to stimulate their own social and creative intelligence. In any profession, similar skills will be required, and in the future, say 10--15 years, any work will require interaction with a collaborative robot or digital bot. In general, it is important to be involved in one of areas that are less susceptible to automation: creative industries (research, art), entrepreneurship, STEM (science, technology, engineering and mathematics), social interaction (social workers, teachers, psychologists, etc.); changing conditions (emergency workers); management or mentoring (mentors, clergy, coaches, etc.) (Kuzminov et al., [2019](#rsp312286-bib-0053){ref-type="ref"}; Zemtsov, [2017](#rsp312286-bib-0092){ref-type="ref"}, [2018](#rsp312286-bib-0093){ref-type="ref"}; Zemtsov et al., [2019](#rsp312286-bib-0094){ref-type="ref"}).

The goals of the state government should include support for retraining and job creation programmes. The expansion of ICT infrastructure (including broadband internet, 5G) will create the conditions for the new industry formation: 3D printing, augmented and virtual reality technologies, telemedicine, internet of things, etc. It is essential to convert all public services into electronic form. During the crisis, it is necessary to support public and private demand for services and products of R&D, ICT, biotechnology and other creative industries, which will become the basis for the formation of a new techno‐economic paradigm (Perez, 2003). According to the national project "Digital economy" in Russia by 2024, it is planned to prepare and graduate more than 270,000 people with key digital competencies; about 10 million people will be trained in online digital literacy programmes. For these purposes, 50 centres for accelerated training will be introduced as a result of private‐public partnership. Nearly 1,500 of the best STEM educational organizations will receive grants for their experience distribution as well as 33,000 students. This is consistent with the new US science education strategy "Charting a course for success: America's strategy for STEAM education" (Semenova, Zemtsov, & Polyakova, [2019](#rsp312286-bib-0080){ref-type="ref"}). During the crisis and corresponding budget cuts, it is essential to maintain this program.

For regional and local authorities worldwide, it will be necessary to develop adaptation programmes for the digital economy, which can vary depending on the type of region within the framework of smart specialization and potential threats. In general, programmes may include measures to create continuous STEM and entrepreneurship training systems, including distance education. To create incentives for local authorities, it is necessary to transfer taxes from small and medium‐sized businesses to local budgets (Barinova et al., [2019](#rsp312286-bib-0012){ref-type="ref"}).

Modern measures to support entrepreneurship can be divided into short‐term and long‐term (Barinova, Zemtsov, & Tsareva, [2020](#rsp312286-bib-7733){ref-type="ref"}). The short‐term measures, introduced in many countries, are designed to mitigate the negative effects of the pandemic and the crisis: the deferment of payments on taxes, loans and rents, support for consumer demand by issuing subsidies to vulnerable groups of the population (Vedev et al., [2020](#rsp312286-bib-0086){ref-type="ref"}). Long‐term measures should be focused on adapting to new techno‐economic paradigm. Reducing investment risks by lowering taxes, simplification of procedures ("regulatory guillotine") (Barinova et al., [2019](#rsp312286-bib-0012){ref-type="ref"}) will lead to greater opportunities for citizens to participate in entrepreneurial and creative activities. On the one hand, the crisis slowed down the implementation of state projects, on the other hand, the pandemic contribute to accelerated digital transformation of private businesses, therefore, the rapid digitalization of public services, business climate improvement may be more relevant than ever.

For the leading regions such as Moscow, St. Petersburg, Tatarstan, Samara and Novosibirsk, measures are needed to accelerate technology companies in industrial parks, stimulate venture capital concentration in public‐private partnership and increase funding for industry‐related grants for R&D in universities (Pierrakis & Saridakis, [2017](#rsp312286-bib-0068){ref-type="ref"}; Zemtsov, Eremkin, & Barinova, [2015](#rsp312286-bib-0097){ref-type="ref"}; Zemtsov & Kotsemir, [2019](#rsp312286-bib-0095){ref-type="ref"}). It will be necessary to significantly increase funding for education and R&D, as well as to promote distance and dual (industry‐related) education and innovative vouchers to intensify the links between education, science and business (Zemtsov et al., [2015](#rsp312286-bib-0097){ref-type="ref"}, [2019](#rsp312286-bib-0094){ref-type="ref"}). For the regions with developed manufacturing, it is advisable to strengthen the interactions between companies and their suppliers, financial institutions, multinational corporations to create and develop local clusters. In the lagging regions, measures are required to train entrepreneurship, legalize informal employment, and consulting (Barinova et al., [2019](#rsp312286-bib-0012){ref-type="ref"}).

It is likely that the 2020 crisis will be the end of the fifth Kondratieff cycle (Perez, 2003). And we will be facing a new economy during and after new industrial revolution (Industry 4.0). But such crises are usually longer and harder because it will take time to find new technological solutions to accelerate economic growth. A significant structural change towards the knowledge‐based industries may occur; countries and regions that have pursued a proactive innovation policy, formed a high‐tech sector, supported start‐ups, will be able to succeed.

Earlier versions of this paper were presented at the 59th congress of European Regional Science Association in Lyon, France in August 2019 and IGU Thematic Conference "Practical Geography and XXI Century Challenges" in June 2018 in Moscow, Russia. The author thanks Professors Vyacheslav Baburin and anonymous referees for their constructive comments.

[^1]: However, there was a temporary surge in unemployment in certain industries and regions, and accordingly social protests. The most widespread event in history is the Luddite movement in England during the Industrial Revolution (Jones, [2006](#rsp312286-bib-0048){ref-type="ref"}).

[^2]: <https://www.hse.ru/rlms/spss>

[^3]: Many young rural residents in Russia have part‐time jobs in large cities in security, trade, construction and other potentially highly automated industries that do not require high qualifications. Recently, the risks of social exclusion for them have increased significantly.

[^4]: URL: <http://raexpert.ru/ratings/regions/2016/>
